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Description 

The present invention relates to a method and apparatus for the fractional distillation of a mixture 
including at least two compounds with different boiling points including the steps of: 
5 - providing a column including a filling, 

- determining a rising flow of vapour and a descending flow of liquid of the said mixture in the column. 
As is known, the term distillation indicates a chemical engineering operation in which a mixture 

including two or more substances with different boiling points is fractionated into individual components. 
This fractionation occurs by the bringing into contact, in apparatus known as a distillation column, of a 
10 vapour phase at its dew point and a liquid at the temperature at which is starts to vaporise: during this 
contact there is a simultaneous exchange of material and heat whereby the more volatile component 
transfers from the liquid phase to the vapour phase by evaporation while the less volatile component 
transfers from the vapour phase to the liquid phase by condensation. 

In distillation operations the basic requirement to be satisfied is that of achieving the highest possible 
75 efficiency in the fractionation. 

For this purpose the attempt is made, in distillation columns, to achieve the most intimate mixing 
possible between the liquid phase and the vapour phase, whether discontinuously in plate columns or 
continuously in filled columns. 

In order further to increase the efficiency of fractionation and to obtain pure compounds, it is common 
20 practice to introduce the vapour phase and the liquid phase into a reflux column. 

The vapour reflux is obtained by the re-evaporation of part of the liquid phase leaving the column while 
the liquid reflux is obtained by the condensation of all the vapour phase leaving the column and the 
reintroduction of a proportion of this condensate into the column itself. 

It is exactly the control of the reflux quantities and the temperature of the liquid reflux phase that 
25 enables the operation of the column to be regulated to give the maximum efficiency of fractionation and 
very pure products. 

In distillation columns universally used, the control of the working conditions in each section of the 
column is effected by changing the value of the reflux quantities and the temperature of the liquid reflux 
phase, these being the "local" working conditions dependent on the liquid-vapour equilibrium conditions in 
30 the column as a whole. 

The distillation columns used in known fractionation methods thus have the disadvantage of not being 
very flexible and being delicate and difficult to regulate. 

In filled columns in particular, each significant variation in the quality and composition of the mixture to 
be fractionated causes repercussions on the liquid-vapour equilibrium conditions existing in the column with 
35 the result that the products obtained may not be of the desired degree of purity. 

On the other hand the use of plate columns, which are less sensitive to variations in the composition of 
the supply, involve a considerable increase in the dimensions of the column in order to give the same 
separation yield, as well as an increase in the hold-up of the liquid in the column with a related increase in 
the time necessary to bring the column itself to its running conditions. 
AO The technical problem at the root of the present invention is thus to devise a method and apparatus for 
fractionating a mixture including at least two components with different boiling points by distillation which 
are simple to control and such as to ensure high efficiency in the separation of the constituents of the 
mixture. 

The technical problem set out above is resolved by a method which is characterised in that the liquid 
45 reflux is achieved within the column itself by partial condensation of the vapour flow by heat exchange with 
a cooled surface extending through the filling and the remaining vapour flow leaving the column is fully 
condensed. 

In order to carry out the said method, the present invention provides a distillation column of the type 
including: 

so - a tubular body having a head end and a foot end at opposite ends and including a filling; 

- a boiler in fluid communication with the foot end; a condenser for condensing the vapour leaving the 
column, the column being characterised in that it includes a further condenser extending throughout 
the entire length of the filling for condensing a part of the vapour flow within the column. 

To advantage, with the said method and column, it is possible to control the liquid-vapour equilibrium 
55 conditions substantially in each section of the column, from the exterior, by local regulation of the 
temperature and local generation of the required liquid reflux fraction by virtue of the cooled surface. 

As will become clearer from the description below, this condensation is carried out by introducing a 
suitable coolant fluid into the condenser in heat exchange with the filling of the column itself. 
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The structural and functional characteristics of the column also allow the method of the invention to be 
applied to the separation of mixtures containing one or more essential oils which, as is known, are organic 
substances which are sensitive to heat and thus are difficult to separate by distillation, by operation under 
vacuum and at a low temperature. In this case, the method of the invention also enables the advantageous 
5 effect of rectification of the mixture to be achieved, giving a very pure distillate. 

Further characteristics and advantages of the method will become more apparent from the description 
of one embodiment thereof, given by way of non-limiting example, with reference to the appended 
drawings. In these drawings: 

- Figure 1 illustrates schematically a plant and its apparatus for carrying out the method of the present 
70 invention; 

- Figure 2 is a partially-sectioned, front elevational view of the apparatus of Figure 1; 

- Figure 3 is a transverse section of the apparatus of Figure 2 taken on the arrows Ill-Ill; 

- Figure 4 is a partially-sectioned perspective view showing some details of the apparatus of Figure 2 
on an enlarged scale; 

is - Figures 5, 6 and 7 show further structural details of a variant of the apparatus of Figure 2. 

With reference to Figure 1 , this shows schematically a plant for the discontinuous distillation of a binary 
mixture, including a distillation column generally indicated 1, of the type comprising a vertical-axis tubular 
body 2 supported by a framework not shown since it is entirely conventional. 

Within the tubular body 2 is a chamber 4 for housing a condenser 5 comprising a plurality of finned 
20 tubes, all indicated 6, each of which is formed into a spiral around a respect cylindrical core 7, preferably of 
plastics material. 

The finned tubes 6 are housed in respective guide tubes 8 disposed vertically and side by side in the 
column 1. 

Within each guide tube 8 there can thus be identified an annular chamber 9 between the inner wall of 
25 the guide tube and the cylindrical core 7 in which each finned tube 6 is located. To advantage, the fins of 
the tubes 6 constitute a filling, indicated 37, of the column 1. 

In this respect it should be noted that each cylindrical core 7, in addition to acting as a support and 
guide for the finned tube 6, also has the important function of avoiding by-pass of the vapour phase within 
the spiral defined by each tube. 
30 Thus it is within these annular chambers 9 that the heat and material exchanges between the rising 
vapour phase and the descending liquid phase occur, as well as the condensation of a proportion of the 
vapour phase with the creation of the reflux within the column 1. 

Each finned tube 6 is connected to a distributor 10 of a suitable coolant fluid, for example water, with 
which it is in fluid communication. 
35 The distributor 10, constituted essentially by a square-section torus is located at the head end 2a of the 
tubular body 2 of the column 1. 

The finned tubes 6 are also connected to the input of a manifold 23 for the coolant fluid, entirely similar 
to the distributer 10 and located at the foot end 2b of the tubular body 2. 

The distributer 10 and the manifold 23 are connected by input and output ducts, 11 and 12 
40 respectively, into a conventional external coolant water circuit, not shown. 

In accordance with this embodiment of the present invention, the fins of the tubes 6 define a cooled 
surface within each annular chamber 9 on which the vapour phase rising through the column partially 
condenses. Thus the descending liquid phase, in countercurrent with the vapour phase, forms a thin layer 
on the fins constituting the filling 37 of the column 1 . 
45 The column 1 is provided at opposite head and foot ends, 2a and 2b respectively, with apertures 13 
and 14 through which it is in fluid communication, through a duct 15, with a condenser 16 for condensing 
the vapour phase leaving the column itself and, through a duct 17, with a boiler 18 for collecting the liquid 
phase leaving the column and for re-evaporating a proportion thereof. 

Respective ducts for connecting the boiler 18 into a steam distribution network of conventional type, not 
so shown, are indicated 19 and 20. 

Respective input and output ducts for coolant water for. the condenser 16 are indicated 21 and 22 and 
are connected to a conventional circuit not shown. 

References 24 and 25 indicate respective valves located respectively in the duct 12 and in the duct 27 
for the output of the distillate from the condenser 16, the valves being subject to a device 26 for controlling 
55 and measuring the temperature detected at the head of the column 1. From the valve 25 extend further 
ducts 28 and 29 for connection to the boiler 18 and to a collecting reservoir for the distillate not shown. 

With reference to Figures 5 to 7, a second embodiment of the column 1 according to the invention will 
now be described. 
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In this embodiment, the condenser 5 includes a plurality of tubes each indicated 30, each having 
respective finning 31 located adjacent the interior of the tubular body 2. 

Each tube 30 defines a series of rectangular turns, each of which is formed by joining two straight 
sections of the tube by a first U-shaped connector 32. Each turn is connected to a subsequent turn 
5 immediately beneath it by a second U-shaped connector 33. 

In accordance with this embodiment, it is thus possible to see from Figures 5 and 6 that the connectors 
32 lie in substantially horizontal planes while the connectors 33 lie in planes inclined at about 45° since 
these must connect the superposed turns. 

Each tube 30 is also connected at its input to a distributer 34 for supplying the coolant fluid arriving 
10 through the duct 1 1 . 

With reference to Figure 5, it should be noted that the distributer 34 and the U-shaped connectors 32 
and 33 of the tubes 30 are housed in respective chambers 35, 36 defined within the tubular casing 2 by 
opposing parts of the chamber 4 intended to house the condenser 5. 

Also in this second embodiment of the present invention, the filling 37 of the column is to advantage 
75 constituted by the very finning 31 of the tubes 30 which also constitutes a cooled surface for the partial 
condensation of the vapour phase. 

With reference to the second embodiment described above, the characteristics of the tubes used for 
the manufacture of the condenser 5 will be given below by way of example. 
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Material: 

AISI 304 

Tube outer diameter: 

10 mm (3/8 inch) 

Tube wall thickness: 

1.0-1.5 mm 

Outer diameter of fins: 

15 mm 

Number of fins/linear metre: 

250 

Tube length: 

400 mm 

Distance between successive fins: 

6.5 mm 


In accordance with a further variant of the distillation column of the present invention, the filling of the 
30 column may be of conventional type, for example constituted by Raschig rings disposed in a random or an 
orderly arrangement within mesh containers placed at the head and foot ends, 2a and 2b, of the column. 

In this case, the condenser 5 is immersed in the filling 37 and comprises a tube formed into a spiral, of 
circular or square section, and extending between the opposite head and foot ends, 2a and 2b, of the 
column 1. 

35 In this embodiment, the partial condensation of the ascending vapour flow in the column occurs on the 
walls of the tube and on the cooled filling thereof. 

With reference to the distillation plant and apparatus described above, one example of carrying out the 
distillation method in accordance with the present invention will now be given. 

40 EXAMPLE 1 

With the use of the distillation plant shown schematically in Figure 1 and with the column explained with 
reference to Figures 2 to 4, 300 litres of a mixture comprising 23% methanol and 77% water by weight with 
respect to the total weight of the mixture were fractionated. 
45 The structural parameters of the column were as follows: 



Condenser height/filling: 

4 m 


Number of turns: 

160 

50 

Cross-sectional area of the column 

0.6 dm 2 


The characteristics of the tubes and of the fins were as given in the paragraphs above. The mixture to 
be fractionated was loaded into the boiler 18 and the distillation column was then started, the boiler 18 
being heated by means of steam and the entire distillate leaving the condenser 16 being recirculated to the 
55 boiler 18 through the duct 28. The starting phase for the column was followed by means of the control 
device 26 and, when the temperature of 64.7 *c had been reached at the head of the column, the recycling 
of the liquid from the condenser 16 to the boiler 18 was stopped and the circulation of the coolant water to 
the condenser 5 was started simultaneously. These operations were effected by means of the valves 24 and 
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25. 

The main operative variables of the discontinuous distillation are given in Table 1 below. 


TABLE 1 

5 


Parameter 

Start of 
Distillation 

End of Distillation 

Temperature of coolant water leaving the condenser 5. 

65-C 

92 "C 

Temperature of the vapour phase at the head of the column. 

64.7 'C 

64.7 *C 

Temperature of the coolant water leaving the condenser 16. 

40-C 

57 *C 

Temperature of the distillate leaving the condenser 16. 

13-C 

19.5-C 

Temperature of the vapour phase entering at the foot of the column. 

80-C 

99*C 

Temperature of the steam heating the boiler 18. 

120'C 

120*C 

Mass flow rate of distillate leaving the condenser 16. 

8.8 kg/h 

4.1 kg/h 


At the end of the distillation, the quality and quantity of the distillate (condensate from the head) was 
checked and the following composition was found: 


Methanol concentration 

99.5% 

Karl Fischer 

0.5% 


The recovery yield from the distillation was 98%. 
EXAMPLE 2 

A second discontinuous distillation test was carried out with the plant shown in Figure 1 , with the use of 
a column with a condenser/filling height of 6 metres. 

As reported in example 1 , 300 litres of a mixture comprising 23% by weight of methanol and 77% by 
weight of water was distilled discontinuously. The parameters for the distillation varied as given below in 
Table 2. 


TABLE 2 


Parameter 

Start of 
Distillation 

End of Distillation 

Temperature of coolant water leaving the condenser 5. 

65 -C 

92 -C 

Temperature of the vapour phase at the head of the column. 

64.5 * C 

64.5 • C 

Temperature of the coolant water leaving the condenser 16. 

40-C 

57-C 

Temperature of the distillate leaving the condenser 16. 

13°C 

19.5-C 

Temperature of the vapour phase entering at the foot of the column. 

80-C 

99-C 

Temperature of the steam heating the boiler 18. 

120 *C 

120 *C 

Mass flow rate of distillate leaving the condenser 16. 

12.5 kg/h 

5.9 kg/h 


At the end of the distillation, the quality and quantity of the distillate were checked and it was found that 
55 the following results were given: 
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Methanol concentration in the distillate 
Karl Fisher 


99.9% 
0.1% 


5 The recovery yield was again 98%. 

From what has been explained above, it is clear that the method and the column of the present 
invention allow the following advantages to be achieved over the prior art: 

- the obtaining of excellent fractionation with extremely small column volumes, equal to the volumes of 
the most efficient filled columns while not having the disadvantages of the latter; 

w - limited addition of cooling to the condenser 16 where it is necessary to condense only the final 
product obtained, the need to return part of the distillate to the column being entirely eliminated; 

- possibility of recovering the heat removed by the fluid cooling the condenser 5, which is brought to a 
temperature close to that at the base of the column such as to make it convenient to recover the 
energy, for example by a heat pump or by means of an absorption cooling unit; 

;5 - reduction of the section of the column 1 by the progressive condensation within it which reduces the 
volume of the rising vapour phase, with an advantageous reduction in the velocity of the vapour 
phase, in the load losses and in the possibility of the column flooding. 
Compared with prior-art filled columns of a similar compactness, the column of the present invention 
also has the advantage of greater rapidity of re-establishment of equilibrium conditions disturbed by any 
20 variations, whether qualitative or quantitive, in the supply. This greatly reduces the risk of a distillate leaving 
the column outside the specific requirements. 

It is also clear that the extreme compactness of the distillation column formed in accordance with the 
present invention enables the investment costs for the column itself and for accessory installations to be 
reduced considerably. In the preferred embodiments of the column, the use of a random filing which, as is 
25 known, must periodically be subject to maintenance, is avoided. 

The whole of this is advantageous as regards the costs of production and running of the column which 
are much lower than those for columns currently on the market. 

It should finally be added that the distillation method which is the subject of the present invention may 
be applied equally advantageously to continuous operations, with the further benefits that result in terms of 
30 the economy of the process. 

Claims 

1. A method for the fractional distillation of a mixture including at least two compounds with different 
35 boiling points including the steps of: 

- providing a column (1) including a filling (37), 

- determining rising flow of vapour and a descending flow of liquid of the said mixture in the 
column (1), characterised in that the liquid flow is obtained from within the column itself by the 
partial condensation of the vapour flow by heat exchange with a cooled surface which extends 

40 through the filling (37) and the remaining vapour flow leaving the column is fully condensed. 

2. A method according to Claim 1 , characterised in that the partial condensation occurs substantially over 
the entire length of the filling (37). 

45 3. A distillation column for the fractional distillation of a mixture including at least two compounds with 
different boiling points, including: 

- a tubular body (2) having a head end (2a) and a foot end (2b) at opposite ends and including a 
filling (37) within the tubular body; 

- a boiler (18) in fluid communication with the foot end (2b), 

50 - a condenser (16) for condensing the vapour leaving the column (1), characterised in that it 

includes a further condenser (5) extending throughout the entire length of the filling (37) for 
condensing a part of the vapour flow within the column. 

4. A column according to Claim 3, characterised in that the condenser (5) comprises at least one tube (6) 
55 for the circulation of a coolant fluid, formed into a spiral within the column and having an input end and 
an output end at opposite ends in correspondence with the head end (2a) and foot end (2b) of the 
column. 
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5. A distillation column according to Claim 3, characterised in that the condenser (5) includes a plurality of 
finned tubes (6) each formed into a vertical spiral on a corresponding cylindrical core (7), the fins 
themselves constituting the filling (37) of the column. 

5 6. A distillation column according to Claim 5, characterised in that each of the finned tubes (6) is housed 
in a respective guide tube (8). 

7. A distillation column according to Claim 3, characterised in that the condenser (5) includes a plurality of 
tubes (30) with respective finning (31) disposed horizontally in the tubular body (2) and defining a 

10 series of vertical spirals (coils) disposed side by side, the finning (31) constituting the filling (37) of the 
column. 

8. A distillation column according to Claim 5 or Claim 6, characterised in that a coolant fluid is circulated 
through each of the finned tubes (6, 30) substantially in countercurrent with the rising flow of vapour in 

is the column. 

Patentanspruche 

1. Verfahren zur fraktionierten Destination von einer aus mindestens zwei Komponenten mit verschiedenen 
20 Siedepunkten bestehenden Mischung umfassend die Stufen; 

- Bereitstellung einer Kolonne (1) mit einer Einlage (37), 

- Bestimmung der Aufwartsstrdmung vom Dampf und einer Abwartsstromung von der Flussigpha- 
se der besagten Mischung in der Kolonne (1), 

dadurch gekennzelchnet, 

25 daB die Fliissigstrtfmung innerhalb der Kolonne durch partielle Kondensation der Dampfstromung 
mittels Warmeaustausch an einer gekuhlten, sich innerhalb der Einlage (37) ersteckenden Oberflache 
erhalten wird und die verbleibende, die Kolonne verlassende Dampfstromung vollstandig kondensiert 
wird. 

30 2. Verfahren gemafl Anspruch 1 , 
dadurch gekennzelchnet, 

daB die partielle Kondensation im wesentlichen uber die gesamte Lange der Einlage (37) hin erfolgt, 

3. Destillationskolonne zur fraktionierten Destination von einer aus mindestens zwei Komponenten mit 
35 verschiedenen Siedepunkten bestehenden Mischung, umfassend: 

- einen Rdhrenkorper (2) mit einem Kopfteil (2a) und einem Bodenteil (2b) an entgegengesetzten 
Enden und mit der Einlage (37) innerhalb vom Rohrenkorper, 

- einen Boiler (18) in flussiger Kommunikation mit dem Bodenteil (2b), 

- einem Kondensator (16) zum Kondensieren des die Kolonne (1) verlassenden Dampfs, 

40 gekennzelchnet durch die Anwesenheit eine weiteren, sich uber die gesamte Lange von der Einlage 
(37) erstreckenden Kondensators (5) zum Kondensieren eines Teiles von der Dampfstromung in der 
Kolonne. 

4. Kolonne gemaB Anspruch 3, 
45 dadurch gekennzelchnet, 

daB der Kondensator (5) mindestens ein Rohr (6) zur Zirkulation einer Kuhlflussigkeit aufweist, welches 
in der Kolonne zu einer Spirale geformt ist und uber einen EinlaBteil und einen AuslaBteil an 
entgegengesetzten Enden in Korrespondenz mit dem Kopfteil (2a) und dem Bodenteil (2b) der Kolonne 
verfugt. 

50 

5. Destillationskolonne gemaB Anspruch 3, 
dadurch gekennzelchnet, 

daB der Kondensator (5) mehrere Rippenrohre (6) umfaBt, von denen jedes zu einer vertikalen Spirale 
auf einem korrespondierenden zylindrischen Kern (7) geformt ist und die Rippen ihrerseits die Einlage 
55 (37) der Kolonne bilden. 

6. Destillationskolonne gemaB Anspruch 5, 
dadurch gekennzelchnet, 
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daB jedes der Rippenrohre (6) jeweils in einem Fuhrungsrohr eingelassen ist. 

7. Destillationskolonne gemafl Anspruch 3, 
dadurch gekennzeichnet, 

daB der Kondensator (5) mehrere Rohre (30) aufweist, bei denen die jeweiligen Rippen (31) horizontal 
in dem Rdhrenk6rper (2) angeordnet sind und die Reihen von vertikalen, aneinanderliegenden Spiralen 
(Schlangen) bilden, wobei die Rippen (31) die Einlage (37) der Kolonne bilden. 

8. Destillationskolonne gemaB Anspruch 5 oder 6, 
dadurch gekennzeichnet, 

daB eine Kuhlflussigkeit durch jedes der Rippenrohre (6, 30) im wesentlichen im Gegenstrom zu der 
AufwartsstrSmung vom Dampf in der Kolonne umgewalzt wird. 

Revendicatlons 

1. Procdde pour la distillation par fractions d'un melange comprenant au moins deux composes a 
diffeVents points d'ebullition, comprenant les etapes suivantes : 

- la provision d'une colonne (1) comprenant une garniture de remplissage (37); 

- la determination d'un ecoulement montant de vapeur et d'un ecoulement descendant de liquide 
dudit melange dans la colonne (1 ); 

proce*de* caracterise en ce que le debit de liquide est obtenu a partir de I'interieur de la colonne 
elle-meme par condensation partielle du debit de vapeur selon un echange thermique avec une surface 
refroidie traversant la garniture de remplissage (37) et en ce que le debit de vapeur rSsiduelle quittant 
la colonne est completement condense. 

2. ProcSde selon la revendication 1 , caracteVise* en ce que la condensation partielle survient pratiquement 
sur toute la longueur de la garniture de remplissage (37). 

3. Colonne de distillation pour la distillation par fractions d'un melange comprenant au moins deux 
composes avec differents points d'ebullition, caracterisee en ce qu'elle comprend : 

- un corps tubulaire (2) possedant une extremite de tete (2a) et une extremite de pied (2b) aux 
extremes oppos^es et comprenant une garniture de remplissage (37) dans le corps tubulaire; 

- un bouilleur (18) en communication de fluide avec I'extremite de pied (2b); 

- un condenseur (16) pour condenser la vapeur quittant la colonne; 

colonne caracterisee en ce qu'elle comprend un condenseur supplemental (5) traversant toute la 
longueur de la garniture de remplissage (37) pour la condensation d'une partie de la vapeur passant 
dans la colonne. 

4. Colonne selon la revendication 3, caracterisee en ce que le condenseur (5) comprend au moins un tube 
(6) pour la circulation d'un fluide de refroidissement, tube forme" en une spirale dans la colonne et 
possedant une extremite* d'entr^e et une extremite de sortie aux extern \X6s opposSes correspondant a 
I'extremite de t§te (2a) et I'extremite de pied (2b) de la colonne. 

5. Colonne de distillation selon la revendication 3, caracterisee en ce que le condenseur (5) comprend 
une pluralite de tubes a ailettes (6) formes chacun en une spirale verticale sur un noyau cylindrique 
correspondant (7), les ailettes constituant elles-memes la garniture de remplissage (37) de la colonne. 

6. Colonne de distillation selon la revendication 5, caracterisee en ce que chacun des tubes a ailettes (6) 
est loge" dans un tube respectif de guidage (8). 

7. Colonne de distillation selon la revendication 3, caracterisee en ce que le condenseur (5) comprend 
une pluralite de tubes (30) avec des ailettes respectives (31) disposees a I'horizontale dans le corps 
tubulaire (2) et definissant une serie de bobinages verticaux en spirale disposes cote-a-cote, les 
ailettes (31) constituant la garniture de remplissage (37) de la colonne. 

8. Colonne de distillation selon la revendication 5 ou 6, caracterisee en ce qu'un fluide de refroidissement 
circule a travers chacun des tubes a ailettes (6, 30) pratiquement a contre-courant avec recoulement 
montant de la vapeur dans la colonne. 
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